Objectives: To examine the relationship between early life episodes of otitis media and later behavioural development with adjustment for confounders.
| INTRODUCTION
Otitis media (OM) is a general term used to describe conditions that involve the inflammation of the middle ear cleft and is highly prevalent in early childhood, affecting up to 90% of children prior to school entry. 1, 2 Effusion associated with OM and the resultant hearing deficit has been shown to compromise language development, which can, in turn, influence the behaviour of affected children. 3 However, behavioural development is a multifactorial process.
Therefore, it has been difficult to establish a direct association between OM and poor behavioural development, without the influ- The second sample included those children that underwent an otoscopic examination with tympanometry at the Year 5 follow-up assessment, when children were approximately 6 years of age 15, 17 the earliest time point in which this type of assessment was completed in this cohort. Type B tympanograms provide a measure of the presence of middle ear effusion, which was used to indicate exposure to OM (either acute OM or OM with effusion). 15 Either unilateral or bilateral Type B tympanograms were included in this cohort (n = 299). Note that a definitive diagnosis of OM cannot be made using cross-sectional data.
| Outcome measure
The outcome measure for this study was the Child Behaviour Checklist (CBCL) score, an empirically validated measure of child behaviour for use in children aged 4-18 years. This was completed by the primary caregiver at the Year 10 follow-up, when participants were approximately 10 years of age. 16 The CBCL is a commonly used dimensional rating scale for emotional and behaviour problems in children that has been shown to be a good predictor of functional and behavioural impairment later in life, 16 with good internal reliability and validity across a range of populations. 16 The CBCL is a questionnaire consisting of 118 questions that are based on specific problem
Keypoints
• A modest association exists between early life episodes of otitis media and behaviour in later childhood, when controlling for certain confounders.
• The behavioural domains of internalising behaviour, somatic, withdrawn, attention, and thought problems were most closely associated with recurrent otitis media at Year 3.
• The externalising behaviour domain was most closely associated with exposure to otitis media at Year 5.
• Although the effect size is small, an association between otitis media and behaviour still exists between 5-7 years after the condition was first recorded.
• This association between otitis media and behaviour could create a target population for the monitoring of key language milestones and subsequent early intervention. 
| Potential confounders
To minimise confounding bias, a number of potential risk factors for OM, identified through the literature, were accounted for in the analyses. 2 These risk factors are listed in Tables 1 and 2 .
| Statistical methods
The prevalence of the predicted risk factors within both the rOM in the Year 3, and exposure to OM in the Year 5 sample populations was determined using frequency distributions (Tables 1 and 2 
| RESULTS
The overall prevalence of rOM at Year 3 was 26.8% (611 of 2277), Tables 1 and 2 , respectively. When using multiple linear regression analyses to estimate the predicted change in CBCL scores associated with the presence of rOM at Year 3, it was found that there was a statistically significant association between rOM at Year 3 and internalising behaviours, the somatic complaints domain, the withdrawn domain, the attention problems domain and the thought problems domain of CBCL scores, as well as the total CBCL score, after controlling for the effects of all other predictors in the model (Table 3) .
When using multiple linear regression analyses to estimate the predicted change in CBCL scores associated with exposure to OM at Year 5, it was found that there was a statistically significant association between the exposure to OM at Year 5 and externalising behaviours after controlling for the effects of all other predictors in the model (Table 4 ). Recurrent OM is more strongly associated with an extended loss of hearing sensitivity, which is more likely to lead to problematic behaviour such as hyperactivity and attention deficit. 2, 3, 19 Parental reporting is also more likely to capture the presence of more serious disease, as parents are more likely to recall events of greater chronicity and severity. 3 Furthermore, as the data were collected at a younger age, episodes of OM in this sample population are more likely to be captured during the critical period of language development, which is said to be during the first few years of life. 13, 19, 20 If hearing is disrupted during this critical period, the cognitive areas associated with auditory processing, speech and language may be affected, resulting in a greater chance of developing the behavioural problems observed due to the inability to communicate effectively.
| DISCUSSION
Although exposure to OM at Year 5 was determined through a more objective means in comparison with parental report, 21 it does not provide clear information with respect to either the severity or time course of the condition. This is because the data itself are based upon a single point in time. Although the presence of effusion can be indicative of chronicity, with the average duration of OM with middle ear effusion said to be 3 months and likely to recur, 21 this cannot be said for certain within this population without trajectory analysis. This method of diagnosis is also at risk of under diagnosing the prevalence of OM in this population, which may underestimate the extent of any effects seen. Nevertheless, the results still demonstrate a significant association with externalising behaviours overall indicating that exposure of OM, irrespective of whether the exposure is prolonged, is still a sensitive variable. This is in line with studies that state that the severity and duration of episodes of OM are inconsequential to the development of behavioural sequelae, 22 although it may contribute to the severity of the deficit seen.
It was interesting to note that rOM at Year 3 was associated with internalising behaviours, whereas exposure to OM at Year 5 was associated with externalising behaviours. It is suggested that the development of externalising behaviours is more strongly associated with a hearing deficit, whereas internalising behaviours is more strongly associated with chronic disease of any causation. 3 This can be related back to the results obtained as the presence of OM is associated with an average hearing loss of between 20 and 30 decibels (dB). 21 As such, identification through tympanometry may have captured more participants with a confirmed hearing deficit compared with parental report. This may have contributed to the association with externalising behaviours observed. In addition, rOM is related to recurrent episodes of OM, a variable more strongly associated with chronic disease. As a result, these children with recurrent OM may have been more likely to develop internalising behaviours later in life. Nevertheless, it is thought that such dichotomous terms for behaviour are actually misleading as a single individual can display both types of behaviour concurrently. 23, 24 Therefore, the association with behavioural deficits as a whole was considered for the purposes of this study, rather than a focus on specific behavioural domains.
| STRENGTHS AND LIMITATIONS
This investigation was embedded within the Raine Study, which enabled the inclusion of a large and prospectively studied participant cohort. The wealth of data collected has ensured that a wide range of potential risk factors associated with the development of OM could be identified and accounted for within the analysis. This helped determine the extent to which OM was associated with behaviour without the influence of confounders. 8, [10] [11] [12] [13] Similarly, the use of the Raine Study data has allowed for a larger, populationbased sample size to be analysed, increasing the external validity of the data. Another strength of this study is the use of CBCL to identify behavioural deficits. The CBCL has demonstrated strong internal consistency in the identification of psychopathology in children and is also deemed comparable with other studies that describe behavioural deficits in childhood. 16 Although there is the potential for observer bias as CBCL data are based upon parental perspective of behaviour, which could be affected by the circumstances of the individual parent, 23 the use of this data as the primary outcome measure has been validated, 16 particularly for the prediction of child and adolescent mental health outcomes. 18 A number of limitations in this study should also be considered when interpreting the results. Although many risk factors were identified and accounted for in the multiple linear regression models, not all risk factors could be included due to a lack of data. should be noted that the sensitivity and specificity of rOM have been calculated as between 75%-95% and 65%-100%, respectively, 25 with parents more likely to underestimate the number of episodes a child has experienced. 2 The ideal method would be for all those children identified to be subject to clinical confirmation with either tympanometry or pneumatic otoscopy, and continuous monitoring over a set time period to determine the extent and chronicity of the disease. 2 However, the resources required to achieve this
were not available in this study.
| CONCLUSIONS
This study has shown that a modest association exists between rOM at Year 3 and exposure to OM at Year 5 and several behavioural domains in later childhood, when controlling for confounders.
Although this association is minor across all domains, it is interesting to note that an association with behaviour still exists with respect to OM, between 5 and 7 years after the condition was first recorded.
These associations are often diminished over time due to the natural accumulation of other sources of variance. 3 As the presence of behavioural issues in childhood has a strong influence upon later mental health outcomes, this finding could create a target population for the monitoring of key language milestones and subsequent early intervention if deficits become apparent. 16, 19, 24 
